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(54) Buck converter with low loss current measurement 



(57) The present invention refers to a buck convert- 
er for converting an input voltage (Vcc) to an output volt- 
age (Vout) at an output, where the buck converter com- 
prises the following features; at least one inductive stor- 
age element (L) having a first connection being connect- 
ed lo the oulpul terminal (OUT) and a second connec- 
tion being connected during activation periods (Ton) to 
a supply potential (Vcc) and during deactivation periods 
to a reference potential (GND) depending on a drive sig- 
nal (S1 ); a drive circuit (1 0) for providing the drive signal 
(S1) to which a control signal (Sea) that varies with the 
output voltage (Vout) and a load current signal (S26) de- 



FIG1 



pendent on a load current through the inductive storage 
element are fed; a signal generation circuit (20, 26, 40) 
for producing a load current signal, wherein the signal 
generation circuit comprises the following features; a 
ramp signal generation circuit (20), which generates a 
ramp signal (Sr) with a slope that varies with the input 
voltage (Vcc) and output voltage (Vout); a DC signal 
generation circuit (40) connected to the inductive stor- 
age element (L) that generates a DC signal (SO) that 
varies with the direct component (10) of the load current 
(IL); a logic circuit (26), to which the ramp signal (Sr) 
and the DC signal (SO) are fed, for producing the load 
current signal (S26). 
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Description 

[0001 ] The method refers to a buck converter with low 
loss current measurement. 

[0002] Buck converters are switching converters used 
lo convert an inpul vollage into an output voltage lhal is 
lower than the inpul voltage. The basic design of such 
buck converters is described on page 176 of Stengl, J. 
P.; Tihanyi, J.: M Leistungs-MOS-FET-Praxis M (Practical 
Application of MOS-FETs), 2nd edition, Pflaum Verlag, 
Munich, for example. The key element of a buck con- 
verter is an inductive storage element that is driven in 
accordance with a pulse width -modulated drive signal, 
and connected during activation periods to a supply po- 
tential and during deactivation periods to a reference po- 
tential. 

[0003] To regulate the output voltage to maintain an 
approximately constant value independent of the input 
current of a load connected to output terminals, a control 
system for measuring the output voltage or changes in 
the output voltage is provided in switching converters of 
this kind. If the output voltage deviates from a specified 
reference value, the power input of the buck converter 
is changed by altering the activation period to set the 
output voltage to the reference value again. In the case 
of buck converters working with so-called current mode 
control, the time behavior of the current through the in- 
ductor is used for generating the pulse width-modulated 
drive signal. The time behavior, which corresponds ap- 
proximately to a delta signal characteristic, is compared 
with a control signal dependent on the output voltage in 
order to def ine the beginning or end of an activation pe- 
riod. The beginning or end of the activation period is de- 
fined with a fixed clocking pattern. 
[0004] A buck converter with current mode control is 
described on pages 492 - 495 of Tarter, R. E. ^'Solid- 
State Power Conversion Handbook", Wiley & Sons, 
New York, 1993, ISBN 0-471-57243-8, for example. 
[0005] The measurement of the current through the 
inductor is often the cause of problems in current mode 
buck converters. 

[0006] A buck converter for alternate connection of 
the inductor to the supply and reference potentials is de- 
scribed in US 6,166,528. The converter has a half- 
bridge circuit with two transistors: the first transistor is 
connected between the inductor and the supply poten- 
tial, while the second transistor is connected between 
the inducator and the reference potential. A current 
measuring system measures the current flowing 
through the second transistor in order to provide a cur- 
rent measuring signal. The first transistor is switched on 
any time the current through the second transistor falls 
below the value of a control signal that varies with the 
output voltage, and switched off periodically according 
to a cfock signal. This buck converter is operated in the 
so-called valley current mode because the times at 
which the current through the inductor reaches a local 
minimum value are the principal factors for switching on 



the first transistor or for the beginning of an activation 
period. 

[0007] The object of the present invention is to provide 
a buck converter with a current measuring system to 

5 measure the current through the inductor. 

[0008] The object is achieved by a buck converter op- 
. eraling according lo the features of claim 1 . Preffered 
embodiments are the subject of the subclaims. 
[0009] The buck converter for converting an input volt- 

10 age into an output voltage available at an output in- 
cludes at least one inductive storage element with one 
connection connected to the output terminal and a sec- 
ond connection connected during activation periods to 
a supply potential and during deactivation periods to a 

is reference potential in accordance with a drive signal. 
The buck converter also includes a drive circuit for pro- 
viding the drive signal and a signal generation circuit for 
producing a load current signal. A control signal that var- 
ies with the output voltage and a load current signal de- 

20 pendent on the current through the inductive storage el- 
ement are fed to the drive circuit in the buck converter. 
The signal generation circuit contains a ramp signal 
generation circuit for providing a ramp signal with a ramp 
that varies with the input and output voltages, as well as 

25 a DC signal generation circuit that is connected to the 
inductive storage element for producing a DC signal that 
varies with the direct component of a load current 
through the coil, and a logic circuit, to which the ramp 
signal and the DC signal are fed, for producing the load 

30 current signal. 

[001 0] The method makes use of the fact that the cur- 
rent through the inductor of a buck converter is approx- 
imately proportional to the input and output voltages, 
and in particular, proportional to the difference between 

35 ihe input vollage and the lower output vollage. The ramp 
signal generation circuit uses this relationship to gener- 
ate a ramp signal without having to measure the current 
through the inductor. For buck converters operating in 
delta current mode - i.e. : in which the inductance does 

to not fully decline in commutation before beginning a new 
activation period, the current through the inductor exhib- 
its a direct component that cannot be immediately de- 
termined using the input and output voltages. The DC 
signal generation circuit produces a signal that repro- 

45 duces the direct component of the current through the 
inductor in order to provide a load current signal at the 
output of the logic circuit that is at least approximately 
proportional to the load current through the inductor. 
[0011] The ramp signal generation circuit in one em- 

50 bodiment has a voltage-controlled current source that 
produces a current that varies according to the differ- 
ence between the input voltage and the output voltage, 
and a capacitive storage element that is connected to 
the current source and which provides the ramp signal. 

55 [001 2] The DC signal generation circuit in one embod- 
iment has a sample-and-hold element connected to the 
second connection of the inductive storage element. 
The sample-and-hold element samples the potential ap- 
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plied to the second connection in synchronization with 
the clock of the drive signal in order to provide the DC 
signal. The sample-and-hold element is designed, for 
example, to sample the potential at the beginning of an 
activation period. $ 
[0013] To measure the potential at the second con- 
nection of the inductive storage element, the sample- 
and-hold element in one embodiment measures the 
voltage over a freerunning element of the buck convert- 
er that is connected between the second connection and 
the reference potential. 

[0014] In a different embodiment, the DC signal gen- 
eration circuit has a low-pass filter, which is connected 
in parallel to the inductive storage element and at which 
the DC signal is provided. A sample-and-hold element 
can be optionally connected after the low-pass filter to 
provide the DC signal. 

[0015] The method presented here is explained in 
greater detail below using examples illustrated in fig- 
ures. 

Figure 1 shows a first embodiment of a buck convert- 
er having a signal generation circuit for pro- 
ducing a load current signal. 

Figure 2 shows a second embodiment of a buck con- 
verter having a signal generation circuit for 
producing a load current signal. 

Figure 3 shows a third embodiment of a buck con- 
verter having a signal generation circuit for 
producing a load current signal. 

Figure 4 shows examples of the time behavior of se- 
lected signals occurring in the buck convert- 
ers illustrated in Figures 1 through 3. 

[0016] Unless otherwise stated, the reference signs 
in the figures indicate the same parts, circuit compo- 
nents and signals with the same meaning. 
[0017] Figure 1 depicts a first embodiment of a buck 
converter designed according to the presented method. 
The converter is used to convert an input voltage Vcc 
between input terminals K1 , K2 to an output voltage 
Vout between output terminals K3, K4. Both the input 
voltage Vcc and the output voltage Vout refer to a refer- 
ence potential GND, to which one of the input terminals 
K2 and one of the output terminals K4 are connected. 
The converter part of the buck converter connected be- 
tween the input terminals K1 , K2 and the output termi- 
nals K3, K4 has a conventional structure and includes 
an inductive storage element L with one connection con- 
nected to the output terminal K3, and the other connec- 
tion connected optionally to either the first terminal K1 
connected to the input voltage Vcc or to. the second ter- 
minal K2 connected to the reference potential GND. To 
drive the inductive storage element L, the buck convert- 
er has a half -bridge circuit with two switches in the form 



of transistors T1 , T2 : whose load paths are connected 
in series between the input terminals K1 , K2 and that 
have a common load connection to which the second 
connection of the inductive storage element L is con- 
nected. 

[0018] The inductive storage element L absorbs en- 
ergy from the input voltage Vcc when the first transistor 
T1 is conducting, and conveys the energy to a load Z 
connected to the buck converter via the output terminal 
K3 when the first transistor T1 is disabled. A capacitor 
Cout connected between the output terminals K3 S K4 
smooths the output voltage Vout. The second transistor 
T2 works as a freerunning element for the load current 
IL flowing through the inductor L when the first transistor 
T1 is blocked. The first transistor T1 , through which the 
power input of the buck converter, and therefore the out- 
put voltage Vout, are controlled, is crucial to the opera- 
tion of the buck converter. The second transistor T2 can 
also be replaced by a free-wheeling diode in the well- 
known manner. A drive circuit 10 is provided to drive the 
first transistor T1 with a particular drive signal S1, and 
in this case to also drive the second transistor T2 with 
a complementary drive signal S2 to the first drive signal 
S1 . This drive circuit 10 produces pulse width -modulat- 
ed drive signals S1 , S2 in relation to a control signal Sea 
and a load current signal S26 in order to drive the two 
transistors T1 , T2. 

[0019] The illustrated drive circuit 10 is designed to 
close the first switch T1 synchronously with a clock sig- 
nal CLK and to keep the switch closed for an activation 
period Ton which varies with the control signal Sea and 
the load current signal S26. The resulting load current 
IL obtained by driving the first switch T1 is illustrated in 
Figure 4a. T refers to the duration of a driving period for 
the first and second transistors T1 , T2, while Ton repre- 
sents the activation period of the first switch. The time 
behavior of the clock signal CLK, which defines the be- 
ginning of activation periods, is shown in Figure 4c. 
[0020] The control signal Sea is generated by a con- 
trol system 30, to which the output voltago Vout, on the 
onehand,anda reference voltage Vref on the other, are 
fed. The reference voltage Vref specifies a reference 
value for the output voltage Vout. The control system 
can be constructed, for example, as a proportional con- 
troller (P-cont roller), an integral controller (I -controller) 
or proporional-plus-integral controller (Pl-controller). It 
provides the control signal Sea in relation to the differ- 
ence between the output voltage Vout and the reference 
voltage Vref; in the case of a P-controller only the current 
difference between the output voltage Vout and the ref- 
erence voltage Vref is considered in the control signal 
Sea, while for l-controllers and P (-controllers, the earlier 
behavior of the output voltage Vout is considered in the 
control signal Sea. 

[0021] The load current signal S26 is produced by a 
signal generation circuit that includes a ramp signal gen- 
eration circuit 20 and a DC signal generation circuit 40. 
[0022] The ramp signal generation circuit produces a 
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ramp signal Sr, which exhibits a rising edge during the 
activation periods of the first transistor T1 whose slope 
is proportional to the difference between the input volt- 
age Vcc and output voltage Vout. The ramp signal gen- 
eration circuit 20 has an amplifier 24, to which the input 5 
voltage Vcc and the output voltage Voul are fed, and 
which produces an output current 1 24 that is proportion- 
al to the difference between the input voltage Vcc and 
the output voltage Vout. The following relationship ap- 
plies: 10 

124=Gm1 -(Vcc-Vout) (1) 

[0023] The amplifier 24 has the function of a voltage- 15 
controlled current source. 

[0024] A capacitor 28 is connected between an output 
of the amplifier 24 and the reference potential GND. This 
capacitor 28 is charged by the output current of the am- 
plifier 24 during the activation periods Ton of the first 20 
transistor T1. 

[0025] The voltage V28 at the capacitor 28 during the 
activation period Ton is defined by the following: 

V28- (124-t) /C= (Gm1 • (Vcc-Vout) -t) /C (2) 25 

where 

C is the capacitance of the capacitor 28 and t the time 
that has elapsed since the beginning of the correspond- 30 
ing activation period of the first transistor T1 . The volt- 
age V28 at the capacitor 28 is measured by an optional 
second amplifier 23, at whose output the ramp signal Sr 
is provided. The ramp signal Sr is defined as follows: 

35 

Sr=Gm2.V28=Gm2.Gm1/C. (Vcc-Vout) t (3) 

[0026] The voltage V28 at the capacitor 28 - and 
therefore the ramp signal Sr - starts to rise at the begin- 40 
n ing of an activation period from the reference potential 
GND each time. To achieve this, the capacitor 28 is 
short-circuited each time after opening the first transis- 
tor T1 by a switch 27 connected in parallel to the capac- 
itor 28. The switch 27 is driven complementary to the 45 
first transistor T1 , and is open when the first transistor 
T1 is conducting and closed when the first transistor T1 
is disabled. A control signal S12 that has yet to be ex- 
plained is provided in the drive circuit 10. This control 
signal S12 is converted by means of a driver circuit 11 50 
to the first and second drive signals S1 , S2 of the first 
and second transistors T1 , T2. The time behavior of the 
first drive signal S1 matches the time behavior of the 
control signal S12; the sole purpose of the driver circuit 
11 is to adjust the control signal S12 to a level suitable ss 
for driving the first transistor T1 . The control signal S12 
is also used with an inverter 25 to drive the switch 27 
connected in parallel to the capacitor 28 in ordertoopen 



the switch 27 when the first transistor T1 is conducting, 
and to close the switch 27 when the first transistor T1 is 
disabled. 

[0027] Figures 4e and 4h show the time behavior of 
the ramp signal Sr and control signal S1 2 along with that 
of the first drive signal S1 . As explained, the ramp signal 
Sr exhibits rising edges during activation periods Ton of 
the first transistor T1 . Remembering equation 4, the 
slope of the rising edge is proportional to the difference 
between the input voltage Vcc and the output voltage 
Vout. 

[0028] The following equation defines the load current 
IL through the inductor L when the first transistor T1 is 
conducting: 

IL= (Vcc-Vout)t/L+I0 (4) 

[0029] As can be seen in Figure 4a, the load current 
IL has a direct component 10 and a delta-shaped signal 
component. During activation periods Ton of the first 
transistor T1, this delta-shaped signal component has 
a rising edge, whose slope over the inductance value L 
is proportional to the difference between the input volt- 
age Vcc and the output Voltage Vout. The ramp signal 
Sr, which is also proportional to the same difference, at 
the output of the ramp signal generation circuit 20 is 
therefore ideal for reproducing the ramp-shaped signal 
characteristic of the load current IL. 
[0030] To provide a DC signal SO proportional to the 
direct component 1 0 of the load current IL, the buck con- 
verter has a DC signal generation circuit 40, which in 
the example contains a sample-and-hold element 41 
and an optional amplifier42 connected after the sample- 
and-hold element 41 . The input of the sample-and-hold 
element 41 is connected to the second connection of 
the inductor L to sample the voltage V2 between the sec- 
ond connection and the reference potential GND when 
the first transistor T1 is disabled and the second tran- 
sistor T2 is conducting. The voltage V2 is defined as fol- 
lows when the second transistor T2 is conducting: 

V2=IL-Rdson2 . (5), 

where 

Rdson2 is the on-resistance of the second transistor T2. 
The clock signal CLK that defines the beginning of the 
activation periods is fed to the sample-and-hold element 
41. The sample-and-hold element 41 is designed to 
sample the load current value IL over the voltage V2 di- 
rectly or each time the first transistor T1 is activated or 
shortly before that time. This is equivalent to saying that 
the sample-and-hold element 41 samples the minimum 
value of the load current IL. The sample-and-hold ele- 
ment 41 holds the sampled value for the activation pe- 
riod of the first transistor T1 . To clear the sampled value 
upon expiry of the activation period, the control signal 
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SI 2 is fed to a reset input of the sample-and-hold ele- 
ment 41 , for which the sample-and-hold element 41 is 
reset with the falling edge of the control signal S12. 
[0031] An output signal of the sample-and-hold ele- 
ment 41 corresponding to the held sampled value is am- s 
plified by the optional amplifier 42 to produce the DC 
signal SO. Whal is crucial here is that the DC signal SO 
exhibits at least an approximately constant amplitude 
matching the sampled value during the activation period 
of the first transistor T1 . Figure 4d shows the time be- 
havior of the DC signal SO, which has a constant ampli- 
tude corresponding to the sampled value during the ac- 
tivation period Ton. The falling behavior of the signal SO 
before the activation period Ton is due to the fact that 
the sample-and-hold element 41 used in the embodi- 
ment example already samples and holds the sampled 
signal for a period before the sampling time in order to 
hold the value already stored at the sampling time for 
the activation period Ton. 

[0032] The DC signal SO is proportional to the sam- 
pled local minimum values of the load current IL and is 
therefore proportional to the direct component 10 as 
shown in Figure 4a, which represents the basic pattern 
of the ramp-shaped signal characteristic. 
[0033] The ramp signal Sr and the DC signal SO are 
fed to a logic circuit 26, which is designed in the embod- 
iment example as a signal adder and which provides a 
load current signal S26 corresponding to the sum of the 
DC signal SO and the ramp-shaped signal Sr. For the 
load current signal S23 to be proportional to the load 
current IL, the proportionality factor between the DC sig- 
nal SO and the direct component 10 must match the pro- 
portionality factor between the ramp signal Sr and the 
ramp-shaped signal component of the load current IL. 
To ensure this relationship, the following equation must 
apply: 

Rdson2*Gms=Gm1 -G-2-L/C (6) 

[0034] The drive circuit 1 0 that produces the first drive 
signal S1 from the load current signal S26 and the con- 
trol signal Sea has, in the. embodiment example, an RS 
flip-flop 12, to whose setting input the clock signal CLK 
is fed, and at whose honinverted output the control sig- 
nal S12 is available, which is converted by means of the 
driver circuit 11 to the first drive signal S1 . A level shifter 
15 can be optionally connected before the setting input 
of the flip-flop 12. In this case, the clock signal CLK is 
fed to the level shifter 1 5, which adjusts the clock signal 
to a level suitable for setting the flip-flop 12. The clock 
signal CLK can be generated in the drive circuit 10, 
which is not treated further here, or fed in from an ex- 
ternal clock generator. 

[0035] As already explained, the clock signal CLK de- 
fines the activation times for the first transistor T1 . The 
transistor T1 remains driven in a conducting state until 
the flip-flop 12 is reset and the control signal S12, and 



therefore the first drive signal S1 , change to a low level. 
The flip-flop 12 is reset in accordance with the load cur- 
rent signal S26 and the control signal Sea: it is reset 
each time the load current signal S26 rises during the 
activation period to the value of the control signal Sea. 
[0036] Figure 4f shows the Lime behavior of the con- 
trol signal Sea when using a proportional controller 30, 
in addition to the time behavior of the load current signal 
S26. Note that Figure 4f only shows the time behavior 
of the load current signal S26 during the activation pe- 
riod Ton. 

[0037] A subtractor 1 4, whose output is connected to 
a comparator 13, is included in the drive circuit 10 - as 
shown in Figure 1 - to provide the reset signal S13. The 
subtractor subtracts the control signal Sea from the load 
current signal S26. The subtracter's output signal 14 is 
fed to the comparator 13, which detects the zero cross- 
ings of the subtracter's output signal. When the first tran- 
sistor T1 is turned on, these zero crossings are the times 
at which the load current signal S26 is greater than the 
control signal Sea, and therefore at which the subtrac- 
ter's output signal 14 becomes greater than zero. The 
comparator 13 compares the subtracter's output signal 
14 to zero, or to the reference potential, to set the flip- 
flop 12 whenever the load current signal S26 exceeds 
the control signal Sea. 

[0038] The following principle always applies to the 
control of the buck converter shown in Figure 1 : the out- 
put voltage Vout sinks with increasing current input of 
the load Z at initially constant power input; the control 
signal Sea rises as a consequence. This leads to pro- 
longed activation times Ton, which results in a rise in 
power input of the buck converter In order to counteract 
further drops in the output voltage Vout and to regulate 
the output voltage Vout to return to the reference value. 
[0039] Figure 2 shows another embodiment of the 
buck converter for which the claim is made. In this em- 
bodiment, the DC signal SO is provided by a DC signal 
generation circuit in compliance with a second embod- 
iment that includes a low-pass filter 43, 44, which is con- 
nected in parallel to the inductive storage element L. The 
reference sign, RL, in Figure 2 refers to the un disputed ly 
existing ohmic resistance of the inductive storage ele- 
ment L. The low-pass filter comprises in the simplest 
case of an RC circuit with a resistor 43 and a capacitor 
44 connected in series, where the voltage at the capac- 
itor 44 is tapped as the output signal of the low-pass 
filter. An optional amplifier 45 may exist to increase the 
voltage at the capacitor 44 and to adjust that voltage to 
the DC signal SO, which refers to the reference potential 
GND, and which is suitable for further processing. The 
function of the low-pass filter 43, 44 is to filter out the 
ramp-shaped signal component of the load current IL 
and to produce a DC signal SO dependent on the direct 
component 10 of the load current IL. The load current 
IL causes a voltage drop over the parasitic resistance 
RL of the inductor, which is filtered by the low-pass filter 
43,44. 
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[0040] Figure 3 shows an alternative to the DC signal 
generation circuit in Figure 2. A sample-and-hold ele- 
ment 46 is connected to the output of the optional am- 
plifier 45. This sample-and-hold element 46 samples the 
filter output signal synchronously to the clock signal 
CLK. The provision of such a sample-and-hold element 
46 is particularly beneficial if the filter output signal ex- 
hibits a non-negligible ripple. The ripple of the low-pass 
filter output signal can be ignored if RC2 > L/RL where 
RC refers to the RC time constant of the RC circuit 43, 
44. However, the response time of the system becomes 
slower if the RC time constant is significantly greater 
than the value obtained by dividing the inductance L by 
the resistance RL. The RC:(L/RL) ratio preferably rang- 
es between 1 and 1 0. However ratios up to 50 are pos- 
sible. 

[0041] The issue is how fast the transient response 
should be. Of course, the longer the RC-time-constant 
is, the slower is the system. Since the current in the in- 
ductor is sampled at the end of the switch-off time, the 
current ripple 

(AC component) can be neglected. So, it is not neces- 
sary to have a perfect matching of the two time constant 
RC and L7RL.This means that if RC is close enough to 
L/RL the response is good anyway, no matter what the 
AC component is. 

List of reference signs 

[0042] 



CLK clock signal 

Cout output capacitor 

K1, K2 input terminals 

K3, K4 output terminals 

L inductive storage element (inductor) 

RL resistance 

SO DC signal 

S1,S2 drive signal 

512 control signal 

513 reset signal 

S15 . level shifter's output signal 

S26 load current signal 

Sea control signal 

SR ramp .signal 

T drive period 

T1 , T2 transistors, switches 

Ton activation period 

V2 voltage 

V28 capacitor voltage 

Vcc supply potential, input voltage 

Vout output voltage 

Vref reference voltage 

Z load 

10 drive circuit 

1 1 driver circuit 

12 RS flip-flop 

13 comparator 



14 


subtractor 


15 


level shifter 


20 


ramp signal generation circuit 


25 


inverter 


27 


switch 


28 


capacitor 


30 


controller 


40 


DC signal generation circuit 


41 


sample-and-hold element 


42 


amplifier 


43 


resistor 


44 


capacitor 


45 




46 


sample-and-hold element 


23,24 


amplifier 


Claims 





1. A buck converter for converting an input voltage 
(Vcc) to an output voltage (Vout) at an output, where 
the buck converter comprises' the following fea- 
tures: 

at least one inductive storage element (L) hav- 
ing a first connection being connected to the 
output terminal (OUT) and a second connection 
being connected during activation periods 
(Ton) to a supply potential (Vcc) and during de- 
activation periods to a reference potential 
(GND) depending on a drive signal (S1 ), 

a drive circuit (1 0) for providing the drive signal 
(S1) to which a control signal (Sea) that varies 



and the DC signal (SO) are fed, for producing 
the load current signal (S26). 
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35 with the output voltage (Vout) and a load current 

signal (S26) dependent on a load current 
through the inductive storage element are fed, 

a signal generation circuit (20, 26 : 40; 20, 26; 
*o 50) for producing a load current signal, 

wherein the signal generation circuit comprises the 
following features: 

^5 a ramp signal generation circuit (20), which 

generates a ramp signal (Sr) with a slope that 
varies with the input voltage (Vcc) and output 
voltage (Vout), 

50 a DC signal generation circuit (40; 50) connect- 

ed to the inductive storage element (L) that gen- 
erates a DC signal (SO) that varies with the di- 
rect component (10) of the load current (IL), 

55 a logic circuit (26), to which the ramp signal (Sr) 
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2. A buck converter as claimed in Claim 1 , wherein the 
ramp signal generation circuit (20) comprises the 
following features: 

a voltage-controlled current source (24) that 5 
produces a current that varies according lo the 
difference between the input voltage (Vcc) and 
output voltage (Vout), 

a capacitive storage element (28), connected 10 
to the current source (24), at which the ramp 
signal (Sr) is provided. 

3. A buck converter as claimed in Claim 1 or2, wherein 

the DC signal generation circuit (40) has a sample- 15 
and-hold element (41) connected to the second 
connection of the inductive storage element (L) to 
sample the potential applied to the second connec- 
tion of the inductive storage element (L) in synchro- 
nization with the drive signal. 20 

4. A buck converter as claimed in Claim 3, wherein the 
sample-and-hold element (41) samples the poten- 
tial at the beginning or directly before the beginning 

of an activation period (Ton). 25 

5. A buck converter as claimed in Claim 3 or 4, wherein 
a freerunning element (T2) is connected between 
the second connection of the inductive storage el- 
ement (L) and the reference potential (GND), where so 
the sample-and-hold element (41 ) samples the volt- 
age (V2) at the freerunning element (T2). 

6. A buck converter as claimed in Claim 1 or 2, wherein 

the DC signal generation circuit (40) has a low-pass 35 
filter (50), which is connected in parallel to the in- 
ductive storage element (L), and which provides the 
DC signal (SO). 

7. A buck converter as claimed in Claim 6, wherein the *o 
output of the low-pass filter (50) is connected to a 
sample-and-hold element (46) that provides the DC 
signal (SO). 

8. A buck converter as claimed in Claim 7, wherein the 45 
sample-and-hold element samples an output signal 

of the low-pass filter (50) in synchronization with the 
drive signal (S1). 

50 
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